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Abstract
An Earth Air Heat Exchanger is a novel way to cool and heat
buildings using the ground temperature. Earth Air Heat Exchangers
are cheaper and they use less energy than traditional air conditio-
ning.  ese factors make it a perfect technology to cool houses and
buildings in Burkina Faso, a developing country with a major indoor
cooling demand.  is study shows that in Burkina Faso it is possible
to build a simple EAHX to cool down ambient air by 10°C which
in turn can cool down a room by 1°C-5°C.  e EAHX will be 30
meters long, buried 1.5 meters in the ground and use a ventilator
with a ﬂow rate of 90 m3/h.  In total the EAHX will cost CFA
300,000 ($US 600). 
Key words: heat exchanger, temperature, building, Burkina Faso,
cooling demand
Résumé
Un échangeur de chaleur air/terre est un nouveau procédé de chauﬀage
ou de raaîchissement des habitations, par utilisation de la température
du sol. Un tel échangeur est peu cher et utilise moins d’énergie que la
climatisation traditionnelle. Ces facteurs en font une technologie com-
mode pour le raaîchissement des maisons et des immeubles au Bur-
kina Faso, pays en développement avec une forte demande en
climatisation. L’ étude montre qu’il est possible de réaliser  au Burkina
Faso un échangeur de chaleur air/terre pour le reoidissement de l’air
ambiant de 10°C environ dans le but de reoidir une salle de 1 à 5°C.
L’échangeur de chaleur en expérimentation est un tube de 30 m de
longueur enterré à 1,5 m dans le sol et utilisant un ventilateur de
90 m3/h. Le coût total de l’échangeur est estimé à 300 000 F CFA
(600 $US)
Mots clés : échangeur de chaleur, température, habitation, Burkina
Faso, demande en climatisation
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It’s common knowledge that the world’s climate
is changing.  e Intergovernmental Panel on
Climate Change (IPCC) estimates that the Earth’s
surface temperature has increased by .6°C and that
human activities, like burning fossil fuels for
energy, has played a major role in the climate
change (Pachauri, Reisinger, 2007).  Unfortunately
the world’s insatiable thirst for energy will only
increase as poorer countries become more
industrialized. 
Future energy demand will be particularly strong
in the home heating and cooling sector in the de-
veloping world.  As countries gain aﬄuence, one
of the ﬁrst luxuries they seek are heating and coo-
ling systems for homes and oﬃces.   For example,
in the United States 87% of homes have air condi-
tioning while in India only 2% of homes have air
conditioning (Sivak, 2009).  But by 2030, India
will catch up to the USA in the number of air
conditioning units the country possesses (Issac,
van Vuuen, 2009).  Once a home has air conditio-
ning, the system can account for more than half of
the home’s energy consumption (EPA: Energy
Star, 2009).
A study conducted by Michael Sivak (2009), esti-
mates that 24 of the top 50 metropolitan areas are
cities in the developing world and cities in warm
climates. One city alone, Mumbai, has a cooling
need equal to a quarter of the United States.   By
the end of the century it’s predicted that the coo-
ling energy demand will be 40 times greater than
it is today.  is will cause the total CO2 emissions
to rise from .08Gt C in 2000 to 2.2 Gt C in 2100
(Issac, van Vuuen, 2009).
To decrease heating and cooling energy demand,
engineers and architects are incorporating passive
climate control technologies into buildings.   Many
of the design strategies like sunshades, evaporative
cooling and thermal walls are variations of ancient
building techniques.  However a newer passive cli-
mate control technique that is not widely used is
called an Earth air heat exchanger (EAHX) or Ca-
nadian Well.  An EAHX uses less energy than air
conditioning and it is easy to build and maintain.
ese factors makes EAHXs a viable indoor coo-
ling strategy for the developing world. 
2. ermal Comfort in Burkina Faso
Burkina Faso is a developing country that has a
major cooling demand. e average temperature
in the capital, Ouagadougou, is 28.4°C (Ogou et
al, 2008).  As the country becomes wealthier its
citizens will use more air conditioners and other
cooling devices to stay comfortable. 
Burkina Faso is a landlocked country in Western
Africa, above Ghana and Togo.  It has about 15
million people and the IMF estimates that 46.4%
of the population lives below the poverty line
(IMF, 2009).   In 2003, Burkina Faso ranked 6th
on the least developed country ratings by the UN
(2003).
In general, the country is divided into 2 regions,
the north and the south. Northern Burkina Faso
is a dry savanna that borders the Sahara Desert and
has temperatures that can reach 50°C.  Southern
Burkina Faso is cooler although temperatures still
reach 45°C.
Burkina Faso has an agrarian based economy.
About 90% of the population is subsistence far-
mers (CIA, 2009).  Its main cash crop is cotton but
it also grows peanuts, shea nuts, sesame, and maize.
Since Burkina Faso is heavily dependent upon agri-
culture, climate shocks have devastating eﬀects on
the country’s economy.  e three major environ-
mental shocks facing Burkina Faso are soil
degradation, deforestation and desertiﬁcation
(CIA, 2009).
As noted earlier, the outside temperature in Bur-
kina Faso can reach 45°C.  Inside it can reach
40°C; which is not only an uncomfortable tempe-
rature, but it is dangerously hot.  It is not uncom-
mon for the elderly or sick to die of dehydration
or heat stroke during the hot season.  To ameliorate
indoor temperatures, some houses have straw
roofs, sun shields, and large windows. Also, depen-
ding on the electricity grid and the person’s wealth,
some Burkinabe install fans.  Despite these eﬀorts,
indoor temperatures still remain high (35°C-
40°C).
e very wealthy cool down their homes using tra-
ditional air conditioners.  ese systems can bring
down the indoor temperature to a comfortable
level (22°C-27°C), but they are expensive and  an
environmental hazard.  A wall unit for one room
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costs CFA 525,000 ($US 1050) to install and
CFA 435,600 ($US 871) to operate for one year.
3. What is an Earth Air Heat Exchangers?
An alternative to air conditioning is an Earth air
heat exchanger.  An EAHX is a passive climate
control technique that relies on the ground mean
temperature to heat and cool buildings.  A simple
Earth air heat exchanger consists of underground
tubes with an inlet for the outside air to enter the
pipe, and an outlet for the air to enter a room.   In
warm weather, hot air from the outside enters the
tube and cools as it travels down the tube.  e
cooled air is then drawn or pumped into a room.
In colder climates, cool air is drawn into the tubes
and warmed as it travels down the tubes. e warm
air is then used to heat a home.
Figure 1: Sample diagram of an EAHX
EAHXs are a more modern passive climate control
technique. e French scientist Lavosier ﬁrst stu-
died ground temperature normalization in the
17th century but the principle was veriﬁed and re-
tested throughout the 1700’s and 1800’s.  Finally
in 1945, the American engineer Robert Weber ap-
plied ground temperature normalization princi-
ples to build an EAHX for his home (Int. School
of Well Drilling, 2009). 
EAHXs are extremely varied and can be complex.
e two main categories of EAHXs are open loop
and closed loop exchangers. Closed loop exchan-
gers recycle a coolant like air or water while open
loop systems always use a fresh intake of the coo-
lant.  EAHXs are also categorized as vertical loops
or horizontal loops depending on the orientation
of the tubes in the ground. Engineers decide which
design to build based on social and geological
considerations like the desired cooling potential
and the presence of underground aquifers (Flo-
rides, Kalogirou, 2007).
Historically, EAHX scholarship and implementa-
tion has been conﬁned to Europe and America;
although in recent years researchers in emerging
economies have investigated EAHXs.  In India,
Shukla, Tiwari and Sodha (2008) tested a closed
loop EAHX for an adobe house in New Delhi.  In
the summer, the EAHX cooled the room by 3°C
and in the winter the EAHX heated the room by
6.5°C.  Another researcher in India, Girja Sharan
(2004), has built several EAHXs including an 
exchanger for a zoo and a greenhouse.  In one of
Sharan’s studies, researchers used 50 meters of pipe
to cool the ambient air from 40.8 to 27.2 °C.  At
the zoo, the EAHX had slightly poorer perfor-
mance but was able to cool the ambient air by 8°C.
F. Al-Ajmi et. al. (2006) conducted a theoretical
study on EAHXs for desert environments in
Kuwait.  ey conclude that an EAHX, at the
peak midday temperature in summer, can cool a
300m3 building by 2.8°C.  If the system is combi-
ned with traditional air conditioning it can reduce
the monthly energy demand by 420kWhr and
reduce the seasonal cooling demand by 30%.
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3.1 Earth air heat exchanger theory
An Earth air heat exchanger is governed by 2
factors; the underground temperature and the heat
transfer between the pipes and the ground. 
e underground soil temperature depends upon
the initial surface temperature and the heat
conduction through the soil.  Mihalakou, Sana-
mouris et al. (1997) studied ground temperature
variations and conclude that the surface tempera-
ture (Tsur) follows a sinusoidal pattern depending
on the mean surface temperature (Tm), the ampli-
tude of the temperature (As) and w (the frequency
of the temperature wave).
e boundary condition at the surface is given by 
Where: K (thermal diﬀusivity), CE (convective
energy), LR (long wave radiation emitted from the
ground), SR (solar radiation absorbed by the
ground), LE (latent heat ﬂux from evaporation)
(Mihalakakou et al, 1997).
e heat transfer through the soil can be characte-
rized by the transient heat conduction equation
(Mihalakakou et al, 1997):
as z         ∞, temperature= average annual temperature. e solution is:
(Ogou et al, 2008)
Table 1: Characteristics and constants for soil in Ouagadougou, Burkina Faso.  (Ogou et al., 2008)
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Popiel et al. (2001) tested the temperature gradient
in Poznan, Poland for 2 years and distinguished 3 dif-
ferent ground zones; the surface zone (0-1m), the
shallow zone (1m-8m), and the deep zone (8m-20m).
e shallow zone, where EAHXs are installed, have
small temperature cycles based on the seasons, but the
soil’s average temperature is close to the average
annual air temperature.  
In Ouagadougou, Burkina Faso, the following model
was made (Ogou et al, 2008) to describe the variation
in soil temperature at diﬀerent depths.  e model
shows that at deeper depths, the ground temperature
amplitude is dampened and shied. 
Figure 2 : Time vs Temperature model in Ouagadougou, Burkina Faso (Ogou et al, 2008)
Hollmuller (2003) studied the heat transfer between
the air in the tube and the soil.  e heat transfer pro-
blem is complex but it can be accurately simpliﬁed
using the following assumptions:  the soil is a semi-
inﬁnite homogenous solid; the tube wall and the un-
derground soil temperature are equal; the tempera-
ture of the soil is not aﬀected by the air inside tube
(De Paepe, Janssens, 2003). 
Table 2: Characteristics and constants of EAHX
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In a small section of tube, ds, the heat loss of the
air in the tube is equal to the heat gain of the tube
wall (Kintonou et al, 2008).
e three major terms in the above equation are
the tube length, the tube diameter and the air ﬂow
rate.   ese are the most common variables to alter
when designing an EAHX.  De Paepe and Janssens
studied how tube length, tube diameter, and the
number of tubes aﬀect EAHX performance
(2003). ey conclude that long, small tubes give
the best thermal performance, but they suﬀer from
a large pressure drop.  More tubes in parallel both
increase the thermal performance and lower the
pressure drop. 
3.2 Earth air heat exchanger for Burkina Faso
In Africa, there is little research on EAHXs.
Fortunately the Indian and Kuwaiti research expe-
riments on EAHXs provide insight into how the
technology can be implemented in Burkina Faso.
However over the past few years, two studies at the
International Institute for Water and Environmen-
tal Engineering investigate EAHXs in Burkina
Faso.  In the ﬁrst study by Onou, Coulibaly, Traore
et al (2008), the team tested the underground
thermal gradient in Ouagadougou, Burkina Faso
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and modeled the cooling aﬀects of a 30meter long
EAHX buried 2 meters underground.  Over a
two-day period the team measured the soil tempe-
rature at 5 depths (40cm, 80cm, 120cm, 160cm
and 200cm) and at the surface. e surface tempe-
rature varied from 24.1°C to 40.3°C but the
ground temperature stayed between 29.6°C and
33.9°C.  At a depth of 200cm, the temperature
only varied by 2.5°C.
Figure 3: Ground temperature measurements in Ouagadougou, Burkina Faso om February 28, 2008-February 29, 2008
e team suggests that the best EAHX for Burkina
Faso will use a 30 meters long pipe (200mm dia-
meter) and a volume ﬂow rate of 245m3/hr.  e
EAHX would be able to cool the ambient air by
5°C.
e other study by Kintonou, Coulibaly and
Traore (2008) examined the relationship between
the tube length, tube diameter and the ﬂow rate.
Like the De Paepe and Janssens study, the team
concluded that a long, thin pipe provides the best
heat transfer and that a slower airﬂow in the tube
allows better heat transfer between the soil and the
air.  ey created the following table, using the
above constants, which classiﬁes the decrease in
the ambient air temperature based on the tube
diameter, tube length and the ﬂow rate.  ey
predict that the best EAHX for Burkina Faso
consists of two 17m long tubes in parallel buried
2.2 meters deep.  It will use a ventilator with a
volume ﬂow rate of 90m3/hr.  Overall the EAHX
can cool the air in the tube by 10°C.  
Table 3: Optimal tube length, ﬂow rate and diameter to provide the best cooling potential (Kintonou et al (2008)
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Unfortunately the EAHXs in both studies are very
expensive and beyond the means of most Burki-
nabe to build.  e EAHX in Ogou et al. study
(2008) costs CFA 1,3654,440 ($US 2731) to ins-
tall and CFA 1,188 ($US 2.37) to operate per
month and the EAHX suggested by Kintonou et
al. (2008) costs CFA 959,090 ($US 1,918) to ins-
tall and CFA 693 ($US 1.28) to operate per
month. In comparison a wall unit air conditioning
costs CFA 525,000 ($US 1050) to install and
CFA 36,300 ($73) per month.
However it is possible to build a cheaper EAHX
in Burkina Faso using small pipes and an inexpen-
sive “bathroom” ventilator that will still cool the
ambient air by 5°C-10°C.  e EAHX would be
30meters long and 1.5 meters underground.   To
cut costs, the tubes will be connected in one long
series without any turns and amateurs, i.e. family
and friends, will provide the labor for little cost.
In total the system will cost about CFA 300,000
($US 600).
Table 4: Cost of building an EAHX in Burkina Faso
Figure 4: Cost comparison between diﬀerent EAHX and air conditioning
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e ventilator used to draw the air through the pipes is 14W and has a volume ﬂow rate of 95m3/hr.  
In addition, to make the system even cheaper and
more energy eﬃcient it is possible to use a solar
chimney to draw the air instead of a ventilator.
Since a solar chimney uses temperature and pres-
sure diﬀerences to draw air through the under-
ground pipes it does not use electricity. is is
especially important in Burkina Faso given that in
rural areas only 1.1% of people have electricity and
in cities only 45.7% of people have electricity
(IMF, 2005).  When the sun hits a solar chimney,
the air inside the chimney is warmed and rises out
of the chimney. In response, cool air from the un-
derground tube is drawn through the room and
into the chimney to replace the warm air that was
exhausted.  e diagram shows how a solar chim-
ney works with an EAHX. 
Researchers at the University of Nebraska mode-
led and tested a horizontal, open loop EAHX with
a solar chimney.  ey achieved airﬂow rates of
.15m3/s in the solar chimney, and a temperature
diﬀerence between the ambient air and a room of
around 3°C (Gang et al, 2004). 
4. Experiment setup in Burkina Faso
e EAHX constructed at the International
Institute for Water and Environmental Enginee-
ring (2iE) in Ouagadougou, Burkina Faso is a
horizontal, open loop system, 25 meters long and
1.5 meters deep (the pipe is slightly inclined so
condensation can drain from the pipe through a
hole drilled at the bottom of the tube.).  It has two
diﬀerent air inlets located 15m and 25m away
from the air outlet in the building.  e diﬀerent
air inlets allow the system to be tested with two
diﬀerent pipe lengths. e pipe diameter is 125 mm.
ere are four temperature sensors located inside
the pipe 5m, 10m, 15m, and 20m away from the
outlet.  Also there are temperature sensors buried
0.5m, 1m and 1.5m in the ground to measure the
soil temperature gradient.  In order to clean the
EAHX, a nylon cord was placed inside the tubes,
which allows a cloth to be pulled through the sys-
tem, removing all the dust and debris.
e experiment room that is being cooled by the
EAHX is 3.50mX 2.75mX5.35m and it is atta-
ched to a larger laboratory. e walls are 18cm
thick and made from locally produced brick cove-
red in concrete.  e ceiling is made from wood
slates and the roof of the structure is corrugated
steel. is is a typical construction for homes and
oﬃces in Burkina Faso. 
Figure 5: 1. Hot air enters the tube 2. Air cools as it travels down
the tube 3. Air exits into house 4. Sun hits solar chimney and
warms the air inside.  5. Hot air rises vents out of chimney 6. Cool
air is drawn across room to replace air that le the chimney
Figure 6: Schematic of EAHX and laboratory in Ouagadougou, Burkina Faso
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e ventilator was run from 10:00 until 16:30 and
the temperature of the experiment room, main la-
boratory and air inside the pipes are measured. 
5. Advantages and Problems
ere are both technical and social barriers to ins-
talling EAHXs in Burkina Faso.  First, even under
the best circumstances, an EAHX in Burkina Faso
can only reduce the air temperature inside the tube
to about 28°C because the underground tempera-
ture is so high; 28°C falls slightly outside the ac-
ceptable indoor temperature range of 22°C-27°C
(Al-Ajmia et al, 2006).
Secondly most people in Burkina Faso do not
know about EAHXs and other passive cooling
techniques and hence the buildings are not des-
igned to accommodate the technology.  For exam-
ple, some homes, especially in rural environments,
place both the door and the windows on the same
wall.  is type of design prevents cross ventilation.
Also a common building material, especially for
roofs, is corrugated steel.  ough steel is sturdy, it
bakes the inside of a building.  Before an EAHX
can be successfully installed, other building deﬁ-
ciencies must be improved or the cooling aﬀects of
the EAHX will be lost.  Fortunately EAHXs and
other green architecture designs are easy to teach.
A farmer without a formal education can easily
learn how to install a simple EAHX or incorporate
thermal walls and cross ventilation strategies.  
Socially, EAHXs have a major hurdle to cross 
before they are readily accepted as a means of in-
door cooling in Burkina Faso.   Rather than spend
money on fans and air conditioning, many Burki-
nabe sleep and work outside.  But sleeping and
working outside increases the risk of getting infec-
ted with malaria or being attacked by animals.  In
addition, many people and jobs are conﬁned 
indoors.  An EAHX can cool down a building so
that it is possible to sleep and work indoors. 
Currently Burkina Faso has rolling blackouts to
cope with energy demand, but this is only a tem-
porary solution.  An unreliable power grid hinders
development and business productivity.  EAHXs
will ease energy demand, especially in the hot season. 
Moreover, even though Burkina Faso is a small
contributor of climate change, it will have a great
aﬀect on the country (Pachauri, Reisinger, 2007).
Most Burkinabe are farmers and as a result they are
very sensitive to climate shocks like drought.  e
IPCC has already noted that rain has decreased in
the African Sahel, the area of northern Burkina
(2007).  Also desertiﬁcation will destroy much of
the farmland and deplete Burkina Faso’s water sup-
ply.  EAHXs are a small part in the greater battle
of environmental stewardship in Burkina Faso.
6. Conclusion
Over the next 100 years the world’s energy
demand for cooling, mostly from the developing
world, will increase from 300TWh to
10,000TWh (Issac, van Vuuen, 2009).  Earth air
heat exchangers are one passive solar technique to
slow the growing energy demand and improve the
quality of life for those living in Burkina Faso.  is
study examines the cooling potential of an EAHX
in Burkina Faso and the advantages and challenges
of building an EAHX in Burkina Faso.   We
conclude that it is possible to build an EAHX 30
meters long and 1.5 meters deep that will cool the
ambient air by 5°C-10°C.  e EAHX will cost
about CFA300,000 ($US 600).  Even though a
cooling potential of 5°C doesn’t seem that large,
this small change in temperature provides a major
improvement to the quality of life in Burkina Faso.
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